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PURPOSE : 


The  purpose  of  this  test  "was  to  determine  the  yield  and  ultimate 
shear  and  bearing  strengths  of  AN  509  screws,  NAS  177  rivets, 
and  RIV  169^ rivets  mounted  in  SAE  4130  and  17-7PH  stainless 
steel. sheet. 


SUMMARY : 


Tests  were  conducted  to  determine  the  effects  of  sheet  thickness 
on  the  shear  and  bearing  properties  of  fasteners.  Several  sheet 
thicknesses  were  tested  v/ith  each  fastener.  Fasteners  from 
3/16"  to  1/2  diameter  and  sheet  thicknesses  of  from  .025"  to 
.312"  were  used  in  the  tests.  The  sheet  materials  used  were 
SAE  4130  steel  heat  treated  to  I50  ksl  and  17-7PH  stainless 
steel  in  the  TH  IO5O  condition. 


The  data  obtained  was  tabulated  and  graphs  were  drawn  shov/ing 
Joint  strength  versus  sheet  thickness  for  each  type  of  fastener 
tested. 

*  RIV  165  is  the  Convalr  Stock  Number  for  the  Hl-Shear  Co. 

Part  No.  HS67  -  Hl-Shear  Rivet,  100°  Csk  Head,  125  ksl 
shear  strength,  CRES  material. 
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OBJECT: 

The  object  of  this  investigation  was  to  determine  the  yield  and 
ultimate  shear  and  bearing  strengths  of  the  following  combinations 
•of  fasteners  and  sheet: 

1.  AN  509  screws,  3/16"  to  1/2"  in  diameter  mounted  in  SAE  4130 
steel  heat  treated  to-  I50  ksl  and  17-7PH-TH1050  stainless 
steel  in  various  gages  Trom  .O32"  to  .312". 

2.  NAS  177  rivets,  1/8"  diameter  to  3/8"  diameter  mounted  in 
SAE  4130  steel  heat  treated  to  I50  ksi  and  I7-7PH-THIO5O 
stainless  steel  in  gages  from  .025"  to  .180". 

3.  RIV  165  rivets,  1/8"  to,  1/2"  diameter  mounted  in  SAE  4130 
steel  heat  treated  to  .150  ksl  and  17--7PH-TH1050  stainless 
steel  in  gages  of  .025"  to  .312". 

DESCRIPTION  OF  SPECIMENS: 

Figure  1  is  a  sketch  of  the'  type  specimen  used.  Exact  dimensions 
of  each  type  specimen  viere  varied  to  suit  the  size  of  the  fasteners 
and  the  thickness  of  plates  being  tested.  All  specimens  v/ere  of 
the  general  configuration  shovm  and  conformed  to  the  requirements 
listed  in  Figure  1.  The  fasteners  ranged  from  1/8"  to  1/2"  in 
diameter.  The  plates  varied  from  .025"  to  ,312"  in  thickness. 

The  two  e/D  ratios  were  1.5  and  2.0. 

PROCEDURE : 

All  the  material  used  for  the  specimens  was  obtained  from  in-plant 
stock. '  The  specimens  were  fabricated  at  Convalr-FW  according  to 
FTJ-7108  and  Mll-S-6758,  and  tested  in  the  Engineering  Metallurgy 
Laboratory. 

Testing  was  done  in  a  Baldwin  Lima  Hamilton  universal  test  machine 
of  60,000  lbs.  capacity.  This  machine  was  calibrated  to  provide 
an  accuracy  in  load  measxxrements  of  0.2^  of  scale  range  or  0.5^ 
of  indicated  load,  which  ever  was  greater.  Deformation  was 
measured  with  a  PS5M  extens.ometer . 
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The  manner  of  affixing  the  extensometer  to  the  specimen  caused 'con¬ 
siderable  concern.  At  the  start  of  the  test,  it  was  fastened 
directly  to  the  test  specimen  by  means  of  extension  arms.  The  arms 
allowed  it  to  be  clamped  to  the  centerline  of  the  2"  width  speci¬ 
mens.  This  arrangement  had  tv/o  disadvantages >  the  magnification 
obtainable  was  too  high  and  the  extension  arms  allowed  some  slip-- 
pa^  to  occur.  The  device  illustrated  in  Figure  2  i^as  constructed 
to  overcome  these  two  disadvantages.  It  was  patterned  after  one 
developed  by  High  ShearRlvct  Tool  Company,  but  was  modified  some¬ 
what  to  suit  these  specimens  and  to  fit  into  the  60,000  lb,  test 
machine.  The  magnification  of  this  fixture  combined  with  the 
extensometer  was  determined  by  calibration  against  two  materials 
of  known  modulus  using  2"  wide  strips  as  specimens.  The  results 
obtained  from  these  two  materials  agreed  within  1.5f^-  The 
balance  of  the  test  specimens,  approximately  95/^  of  the  specimens, 
were  then  tested  using  this  fixture. 

The  yield  point  was  taken  from  the  autographic  curves  at  a  perma¬ 
nent  offset  of  2  l/25v  of  the  shank  diameter  of  the  fastener  being 
tested.  The  method  of  taking  the  yield  strength  is  shovm  graphl- 
ally  in  Figure  3.  To  obtain  the  yield  strength,  the  specimens 
were  loaded  to  near  an  estimated  yield  point,  and  then  unloaded 
to  a  low  stress  level.  Loading  was  then  resumed  and  continued 
to  failure.  This  reloading  caused  a  second  curve  to  be  traced. 

The  reason  for  this  procedure  was  that  the  first  curve  was  in¬ 
fluenced  by  the  unavoidable  play  between  the  fasteners  and  the 
holes  in  the  plates.  The  play  was  taken  up  by  the  load  applied 
during  the  first  part  of  the  cycle.  The  second  curve  was  there¬ 
fore  assumed  to  be  the  true  curve  and  the  yield  was  taken  f i om  it. 

Failures  were  classified  in  three  general  types.  VRiere  the  failure 
occurred  by  pulling  the  heads  of  the  fasteners  through  the  plates, 
or  by  pulling  the  fasteners  through  the  ends  of  the  plates,  it 
was  classed  as  a  bearing  failure.  If  the  plates  failed  at  some 
other  point,  such  as  near  the  grip  ends,  it  was  called  a  tensile 
failure.  If  the  fasteners  were  sheared  the  failure  was  called  a 
shear  failure. 

RESULTS : 

The  results  of  this  investigation  consist  entirely  of  empirical 
data  presented  as  follows: 

Tables  I  thru  VI  -  Yield  &  ultimate  strength  in  tabular  form. 

Figures  5  thru  27  -  Yield  S:  ultimate  strength  versus  plate 

thickness  in  graphical  form. 
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DISCUSSION; 

During  the  period  in  which  these  data  were  obtained,  portions  of 
the  original  test  request  were  cancelled  and  some  of  the  test 
specimens,  or  their  identifications,  were  lost.  Therefore,  some 
of  the  possible  Joint  configurations  which  were  part  of  the 
original  test  request  and  which  are  indicated  as  part  of  this 
test  under  the  heading  "Object"  were  not  tested. 

In  testing  specimens  of  the  geometry  used  in  this  test,  some , 
scatter  in  the  data  is  to  be  expected.  Actually,  the  test  re¬ 
sults  in  general  showed  less  scatter  than  was  anticipated. 

Where  scatter  did  occur  in  the  yield  strength  values,  it  is  felt 
that  there  were  three  contributing  factors.  The  first  v;as  normal 
manufacturing  tolerances.  Although  these  tolerances  were  small, 
they  created  the  possibility  for  one  fastener  to  be  loaded  be¬ 
fore  the  other.  Another  factor  which  may  have  effected  some  of 
the  results  was  that  many  of  the  fasteners  were  considerably 
longer  than  the  specification  called  for.  In  these  cases,  the 
excessive  grip  length  was  taken  up  with  v/ashers .  On  these  speci- 
r'.ens,  the  fastener  tilted  at  high  loads.  This  probably  resulted 
in  an  unrealistic  load  distribution  in  the  fastener  and  plates. 
The  correct  length  fasteners  vjere  reportedly  unavailable  at  the 
time  the  specimens  were  fabricated. 

The  curve  shown  in  Figure  3.  Is  an  idealized  one .  Many  of  the 
actual  curves  were  far  more  difficult  to  Interpret.  Small 
differences  in  selection  of  point  "A"  had  no  serious  affect  on 
the  yield  point  determinations  because  the  2-1/2^  permanent  set 
was  measured  from  point  "0".  The  difficulties  occurred  in  de¬ 
termining  the  slope  of  line  MN.  In  many  cases,  there  was  no 
straight  part  of  the  curve  at  section  CA,  making  it  difficult  to 
determine  a  slope  for  line  IIN. 

CONCLUSIONS: 

Since  the  object  of  this  investigation  was  to  ascertain  the 
empirical  data-  which  was  present  in  the  Tables,  no  conclusions 
were  drawn. 
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